Article abstract-To verify the role of interhemispheric influences on manifestations of neglect, the authors investigated the effects of a transient repetitive transcranial magnetic stimulation (rTMS)-induced disruption of the unaffected hemisphere on contralesional visuospatial neglect in two left-and five right-brain-damaged patients. Parietal rTMS of the unaffected hemisphere during the execution of a computerized task of bisected line's length judgment transiently decreased the magnitude of neglect as expressed in the number of errors. 7 In a recent study, rTMS of the right posterior parietal cortex proved to induce transitory contralateral visuospatial hemineglect in healthy subjects. 8 An interesting issue that can be addressed with this method is whether neglect disorders can reflect an imbalance between the bilateral neural processes subserving spatial attention. The aim of the current study was to evaluate the role of the interhemispheric influences in the disorder underlying neglect. This was done by testing the effects of rTMS delivered over the unaffected hemisphere on neglect behavior in a group of unilaterally brain-damaged patients.
Patients with unilateral neglect fail to attend to contralesional stimuli and do not explore or act upon the contralesional side of space. 1, 2 Transcranial magnetic stimulation (TMS) has been used to explore cognitive function. 3 Single-pulse and repetitive TMS (rTMS) have been successfully employed to study the mechanisms underlying visual perception, 4 visual search behavior, 5 and the extinction of visual 6 and tactile stimuli. 7 In a recent study, rTMS of the right posterior parietal cortex proved to induce transitory contralateral visuospatial hemineglect in healthy subjects. 8 An interesting issue that can be addressed with this method is whether neglect disorders can reflect an imbalance between the bilateral neural processes subserving spatial attention. The aim of the current study was to evaluate the role of the interhemispheric influences in the disorder underlying neglect. This was done by testing the effects of rTMS delivered over the unaffected hemisphere on neglect behavior in a group of unilaterally brain-damaged patients.
Methods.
Subjects. Five patients with right brain damage (RBD) and two patients with left brain damage (LBD) due to cerebrovascular accident leading to contralateral visual neglect gave their informed consent to participate in the study (table) . The site, nature, and size of the cerebral lesion were confirmed by contrastenhanced CT and MRI scans.
In all patients, neurologic examination showed contralateral hemiparesis, while ophthalmologic examination excluded visual acuity and visual field deficits.
Assessment of visuospatial hemineglect was made using a line bisection task. Other cognitive dysfunctions were ruled out by a comprehensive neuropsychological test battery.
Magnetic stimulation. rTMS was applied over the parietal cortex of the unaffected hemisphere at P5 or P6 locations (according to 10/20 EEG system). The stimulated area was checked by means of MRI scan of the unaffected (right) hemisphere of a single subject (Patient 1), marking the stimulation site on the skull with a capsule containing soya oil. It was found to be localized posterior to the intraparietal sulcus (figure 1). Details of the rTMS parameters used are given elsewhere. 8 The mean intensity of rTMS was 63 Ϯ 4% of the stimulator's maximum output in left-brain-damaged and 64.2 Ϯ 5% in right-brain-damaged patients.
To control for unspecific effects of rTMS, sham stimulations were given positioning the coil perpendicularly to the scalp at P5 or P6 sites.
Visual stimulation. Visual stimuli consisted of black, 1-mm-thick horizontal lines transected by a 1-mm-thick and 1-cm-long vertical bar. Five lines were presented, differing in the position of the transector (at midpoint, rightward or leftward) and in the overall length of the line and of its right and left segments. Details on the visual stimulation procedure are given elsewhere. 8 Performance of the subjects on each trial was scored assigning a value of 0 to correct responses, positive values to "ipsilesional" errors, and negative values to "contralesional" errors. In particular, as regards the performance of RBD patients, errors were evaluated as follows: 1 ϭ right segment of exactly bisected lines judged longer, or left and right segments of left-elongated lines judged equal; 2 ϭ right segment of leftelongated lines judged longer; Ϫ1 ϭ left segment of exactly bisected lines judged longer, or left and right segments of right-elongated lines judged equal; Ϫ2 ϭ left segment of right-elongated lines judged longer.
A converse pattern of scores was given when evaluating the performance of LBD patients.
Statistical analysis. Ipsilesional and contralesional errors in the different experimental conditions were evaluated with repeated-measures analysis of variance (ANOVA), with condition (three levels: baseline, sham, and parietal rTMS), and type of line (three levels: exactly bisected, left-elongated, and right-elongated) as withinsubject factors.
Duncan's post hoc comparisons were then performed. The level of significance was set at 0.05.
Results. All subjects tolerated the rTMS well and did not report any adverse effects. No evident eye movements or blinks contingent on stimulation were observed throughout the experiment.
ANOVA showed a significant main effect of condition (F[2,138] ϭ 14.48)ϩ. As shown in figure 2 , mean response values were positive both during baseline and sham stimulation trials; this reflected the fact that (owing to contralesional neglect) patients with RBD tended to respond "longer right" to correctly bisected lines and "longer right" or "equal" to left-elongated lines, whereas right-elongated lines tended to be correctly judged as such in the majority of trials. Conversely, patients with LBD tended to respond "longer left" to correctly bisected lines and "longer left" or "equal" to right-elongated lines, whereas left-elongated lines were correctly judged as such in all trials.
During parietal rTMS of the unaffected hemisphere, there was an improvement in the subjects' performance, as documented by a reduced positivity of mean response values (i.e., reduced ipsilesional attentional bias). Post hoc comparisons showed an improvement in performance level during rTMS compared with sham rTMS (p ϭ 0.0004) and baseline (p ϭ 0.00001), whereas no significant difference was found between baseline and sham rTMS trials.
Given the particular scoring procedure and the higher number of patients with RBD in the study group, the ip- 
Discussion.
The results of the current study show that transient disruption of parietal regions of the unaffected hemisphere induced by focal rTMS can temporarily reduce contralesional visuospatial deficits both in RBD and in LBD patients with contralesional neglect. These effects seemed to be limited to the trials following each rTMS train, as the performance during sham rTMS trials, randomly intermingled with real rTMS, showed consistent signs of ipsilesional attentional bias (i.e., contralateral neglect) as in baseline trials.
These findings shed further light on the mechanisms of neglect in brain-damaged patients. In this field, the use of rTMS as a "virtual lesion" technique represents an ideal tool to investigate a model of the neurologic basis of spatial attention, postulating that each hemisphere mediates an orienting response in the contralateral direction. According to this model, when one hemisphere is lesioned, homologous regions of the opposite hemisphere, which normally receive inhibitory projections from the damaged one, become relatively disinhibited and generate an unopposed orienting response toward the side of the lesion. The resulting attentional bias toward the ipsilesional side of space subserved by the intact hemisphere would account, at least in part, for contralesional space perception deficits. 9 Our results support this view. The transient rTMS-induced disruption of the unaffected hemisphere is likely to have counteracted the tonic imbalance in hemispheric activation caused by the stroke.
Our results in the visuospatial domain seem to converge with those reported in recent studies in which single-pulse 7 and paired TMS, 10 delivered to left parietal or frontal areas or both, were able to improve contralesional tactile extinction in groups of RBD patients. These observations suggest that the 
